(Plane Motion of Rigid Bodies) 

^ i $ ft! 1- 5 

'^ ^ fljV 1 CT 1 " (£5*" LX&A < LojJ <^^ L^fJ iflLJLI ^^IxJ ^ill oLuulucJI J-g 
U "^*.V oljill JaJj^ J^ <^lL L^tS <cJtlll (jJJfi u^Lll <£a^_o <f^'^ J^'ull 

CjIjJJI J^ lj_=k j J J *S JJjC Jj-o 3 J m^II a I mi ^Vl ciJLli < (£j-^ * ^ 0-* 
ikSU ^Ij^JI IS^JI J3VI ^>=. Jl C m, ? II <£^ C m,Vi cillil < Cilli^aJlj 
f mi^I I -talib JU i^lj^^JI <£j^JI ^LUlj <Cul!i jlluJ iallL «_Ljlu11L <1o <ii_SL_a 

. A Wl\\\ 6J-A ^j-o jLo djVu JL^*^ JlF^ 

jjLli ji S<K ^mi-vM j-juij^ jj.,wll <*J}UI oLulj^VI jj£. aS :L1a Jr- I ...r« 
^^ ^ Up <U^I «0 J0 i^JL^ 1 C^J 1 ^ 11 -^ ^U^^a <^'^j ^^i 

S^ilj ^ jJb J\ y^j <F 2 j P l( ^u J^ljJI I^kll ^ ^^0 <iL^ jju: «P ,£115 

. LaUU JJ^*ij <JaLij <QjLj /<-ilj-o <jU 'rcy' 'ft I ^j"^ ^-i /l5jV 

^ <<lK ^jiuaJI ^m.^H jjj^jiJ oLSIj^I iLuJ gji v» LIjI AjijL-o ^ULuij 
3^^° j^s>-° J^-i^il I4I0 C^li SjLc ^\\"\ t ,t\ .h±jjLL\ <I1 Mill '_ — ■; UjULkl 
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:^iiUI 



(1-5) 



dL. 



ojli jj- « J>=> fZ Jil\ dk <aLoJI j».l_o^iU ijilj^JI ol£j^JI Jf^ul <>» 

J<.r.l l ^ L£ <ozJj*. f,„-*\\ jjjj Lait r. 6^ki . i.^'< csj^Ij jL^-o ^ »J>^" 

.(1-5) 




(1-5) JLill 



ijljjjl j^-o > r. j^ Jc jja.^1 m. ^.M-^ll ^jl^ll ^1 <_^ 



(2-5) 



(3-5) 



/. =r .p i=m . r . v . 



■& 
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: J LjL^ w.J (3j\y\ ^311 jj^jj ,ozJ^ m. ^jjJ iyljll ^^l , 

:j* OZjjs, <K U^l\ ^^Jl ^yi ^1 i 1 
(5-5) ^ = l4=Im f r^ 



: J^ iJI t^l ^ z Jj>» JjJ^- 'W 
( 6 "5) ^ =£(«,- >; 2 ) a> 



(7 -5> 'z = 5>,r, 2 ) 



(8-5) Zz = /zfi , 



:(7-5). 



IjU 



J->J-ic 



j—^U (Moment of Inertia) ^Ijll a> ^5JI ^y ^ yu^i ^ ^1 / zcy k jjk, 
<*~ a>* tfi" o^J.1 Jt .(7-5) <> ]**& L£ ,41^ aJus, oz Jb^ ■ .i.^n 
.JJS j*. ^ji^ L£ <m ^1 ^ /^ ^l-VI j^ill ^ |ja ...... H 

^ °^ j>^ 0>- o^ f-^J «uljll f^jll 6U3I 01 Jl <ymi ^ ^Lv * 
<S>* 6U2L, <JLJI 6 ^ ^i jL^l^u LpWoi 45I .iyljll <^l 6 U:i ^ 

.(2-5) JSLill ^i L£ <r ^JI ^ ^ ^ 
: j^JI Jt jSjk. (8-5) ^^ 
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(jljjjjl^ 




^Ijjjl^ 



o'jj-u'o?^' 




o'jJ^'j* 1 " 



(2-5) JS-ill 

:j*ii (1-5) ^ (9-5) o- L z <> u^i*^ 



(10-5) 



x,= 



dL 7 d(I z <n) = cto 

~ z dt 



z dt dt 



(11-5) 



(12-5) 



dm 



a = 



t z = / z a 



a ^jijJi ^jL^l 0%**^ 



:JI (1-5) Jj£ 



b ysr. (F=wa)<JUliVI <£>JI ^i ^ilill ^^H o^ .(12-5) ^LL, 
l ■•■_.. ^LiJI g.jL-slI >* JJi\ <JUI ^i <£^JI <-^j 'f^ 1 ^'^H 1 yLJI 
<GlU ^ j^ ^V f-^l <~L- jl-ii* C^^l' ^ a* ^- LlJI J" U ^ 
Sjill) rc«MSe) <S>JI ^um u—Uli :^ill J* c^ 1 0^ U^ U ^~^ ^ 

^ lu^cj (^,ljll ji >^JI £jl~d\) (result) Kj*H <~^ f ''j> (f^ 1 J 1 
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\±A 



j—^U jljJI j^^il Ji^ WcliK 1^ <s>a j ^^ /j m ,> JS J1.2 bi 

<> <Ue^ fi kij^ f i vui:i c^is .ij^ ^^ni <nu j^ju jl jjLs ^ 

<l*jli*j j^Jl ^Uo ^ ,SJ d,I^V ^jli j^. > ^V J, .<^ii ,lst 

jj^> j^ 131 US atij jl^J) <^ 0<u ^^j, ^ ( . L] UjLL _ u) 
f> oP IJl <^ij L^J^ jl^Jl c^ j^S J>i Jll* ^ jS, I^J| 
-^LL J, ,<*£]£ ,'Lu(5 JLl,* j^J. <^UL ^ ^loJ| ^.^|j 

^11 o- a^ dm JL^i* <K Jl (7-5) ^m.J^^ ^_JI j ^i^ 
(7-5) t ^i\ J ^J Ll^VU JI cU^ji 6iA JJ£ ^ , r ^l_ ^^ 

:J^iJl <> kali; 



.4JS ^jluJI jm-oJI Jc JJ£tf| jl^, 

:a^i J* Kill J p j^^i <ii»s <JVx. dm <> ^^ilL 



<">! A i ., 



(14-5) 



.y^jlll Jc , <// l^^ V^ j| <fe l^uaic. Lk^ j^ JjLJI 
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,(3-5) JlAJI ^ L£ <dr l^n.j r U>S O^i <iL> <> <il> dm L^^ic <K 



dL = r 2 dm 



dm = adS = oilnrdr) 



dl z = r 2 dm = r 2 adS= Inor^dr 



■^ 



-a* ^ 



:<loj 



I z =\ iKO^dr = | naa 4 = ^ma 



a 



m = o(na ) 




(3-5) JLill 



(radius of gyration) J I jj^i J jia-S < 4 «r/i 4 - 5 

^aju JJjJ <<iL^> ^xiK ^ <JLk*JI ^> jLui jl (7-5) <fcUJI <> Ji=^ 

•.J^.tilL j>^~o J>^ yiu^ juji2k ^1 <lUa£. jxjC ^ 



(15-5) 



4 = Mk l z 
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J tfjll Jji_JI Jl^j jljjjjl jL2 r*<r>\ ^u\ <lAl jlk^ JjL ^ k Jsi 

.JUxLuuVI <*uU ^Lua.Vl ^^lJ * ^ 1-5 JjjaJI ^ ^^, 
1-5 Jjj^JI 






(a 2 +b 2 )/l2 J^ 1 c> b L &l*i>l jl^fej^UjLut 



3^j u^j* 



a 2 / 4 <bji^o ^ jS^ii ^ ^ 

a 2 / 2 ^j 1 ^ cA c£ j j^ j^A 1 > ^ tf *>^ , 4,^i 



a 2 / 2 W 1 ^-* <^ jS^ll O-o ^oj <iJ5 J <il^ 



a 2 



<z 2 






a 2 / 2 J^J' Uj^^ i^U <aL^ fcl^kuJ 

tf 2 /4+b 2 /12 u j>^ cA t£4>^j lA&>* c> j^t b l^ljLj a U^ki" , «,,y, 

2^ 2 /3 UfM* 5 c^l # U^kS c_L^i <Li J i^ s^^ 



2a 2 / 5 ^ j^ J\ a U^ks ,,«,,«,; ij fl hn ft <J^> Sj^ 



U 2 +£ 2 )/12 ab ^ 1 <> L.4^ jS^ll > ^ ^U ^ c^ljUwno ^Ijio 
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(Parallel Axes Theorem) <jj I^H I jjLai I <u&> ( ') 

La j>^-a Jj-a. w*L-a *— ^J jl C.I ftj ■ <■ -> 4^>kli ^P 1 ^ 1 J>-^ ' f>*" 

J[^ ^Ijll jj .*t\\ f > 01 (4-5) JSLilL jH^ 1 r 1 ^ 1 <> -^^ : L »^ J 

: jiOjj jUI 0Z jjzd\ 

(16-5) /z = X m ^ 2 




(4-5) Jiill 



,1 (4-5) J^ill <> ^^ ^ 



r j 2 = /? 2 + ^ 2 + 2ii / -R 



:0_£^ «i aj ...->! I {-^>» ^1 cm. <i£JI 3^^ <> J^U 11 ^e^ 1 i/^e 



/ z =I« < r + I« I -r + 2l« < ii / -R 



/ z = Mi? 2 +X »»,• jf 2 + 2R-£ w,-r/ 
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• jl-oj—a JlLoj ^j-a-iVI c-ij-lall ,-i ^yyi • T- £ J -0 "?^ ' (J^ <^ h\ll j^j-o v-i-»jJU i^x 






(17-5) 



(18-5) 



hm=Y. m i r i 2 



I z = MR' + l cm 



■u&* 



j^>° t> ><V JL5^-° d>*- tp'J" JU ) ' ^' ' I I (O*- C^jL^ OZj^a. ^Ijll jt>MaiJI ^.^ai 

.(Ml? 2 ) oej^l 
(Perpendicular Axes Theorem) Sj-aLxltl jjLaJLl <^>bJ» (uj) 

^5 J J-A-C JJ^ ft J J-a> X2b I J jl HI ft ^jjfl W Li) ft <„i 1 1 n A mi ^ ^ I <U I hf > j-& 
L>^JJ ^ ft C£ ^ J J— ^* Q '" ?' ' ^J 1 kf> f> J-^ (* ft > Ju^k L_^ ^ j 1 < n j 4 ^ h mi ^j-ic 
. a mi^i I jl mi ft ^^-fl gj-*^ JJ <J*\$ J-**"* ' J J^^ ' fr* 0* * " I ^ ft c>f **■* I **t ft 




(5-5) JLill 
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: jl (5-5)JLAll <> -b^U L£l 



(19-5) 



2 2,2 

n = xt + y { 



i z =Y< m i x ? +1 L m ty? 



L = L + I V 



Cx&* 



6> tfl 



. ojj ox Jj^. j:\jli j>^UI ^> £>*^> (SJ^i oz Jj^- t^ 1 ^ 1 ju^ 1 jO** 



?^4B j,_jail JLja. (6-5) JSoill ^ j^ijll (juiUill o^^ ^^ f> L" 



/< 




,-' 


/-- 


--. 


\ 


D 


A 


i 






6. 


\ 


L) 








^ 


> 


/ 












a 


/ 








\_ 


"-— 


----- 


y 





(6-5) J^iJi 
6j-oUiil jjUJl <ej-^»j <ejlj^l jjL^il ^j^ ^l^^^"'^ Jl^' li* J^-^ J^JI 

<J>1^ Jntn.M Jjjlc <(6~5) J^M.ll ^ OXjj^JJ J^ck ^jill ^Ikc ^ LlijC IjU 



I z =I x +I y 



:0U (3-4) Jill ^ 
I z = ]Ma 2 



■.,-■<■■ jjjj <^.Udl v.^^ «/=/,6l ^ 
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□ Iab =l x +Mb l = }Ma 2 + Mb 2 



:<5iUJI ^> cut: jj^ j^ ^ .^j^ r „ 7 \ i^^JI <5LLJI ,_x^J 

09-5) r=£i w ^ 

v i =r i 9 i 

■ o'\ J\ ,<L^ <a^U f^uaJI Llli JU l^^ii ^g Ljl^ll <<^JI ^| <lL^Ly 

0, =0) 

(20-5) r= ^i WJ ^2 fi)2 

(21-5) T=\l z co 2 

^ LS ,F Sj5 j^g o^i s 4iL^ ^^J| ^ WfbfJ- a> JiU JjlJ.1 JjLill U& 

:...V^ .(7-5) Jiill 

dls = -rxdB 
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<LSj^JI rjl^ < ^ fc % Cnj 




(7-5) J££ll 



V=|-F-(rxdB) 



A-(BxC) = (AxB)-C 



W 



= J(-Fxr)-dB 



T z =-Fxr 



: uJ%* 



u' ^ 



Ji^ll 



:<£! 



.\JI CullJ jj^-o (J>=^ ul'Q f LJLU ^ JdJ^ fO^*"" JAjuuII «Jjti^ '-i* 



(22-5) 



W= 



:JT Z -^ 



(The Simple Pendulum) k*^..l I JjolJ I 7 - 5 

<L^jjj o\'jyi\ j-^»j jt SlJS w ^"'Jk .(8-5) J^-iJL j^i.j-0 >a L£ <0 iLli 
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(23-5) 




x 



(8-5) JfLiJI 



^ *(8-4) <ifcUJI Jfltnni JjjiJI 4^ ixJjjj 






.(iij^l Jc Lj^ 0^ jUI) OZ jljjjll ^ <^JL fJ >JI 31 T o^ 



: t£J u -" J J 



T z = - mgl sin 



(sULu j^|| ^ Li^lj <>^J| ^L^ ozJ^r^JJI f > Lu^j |jU) 
:J$uilL ozJ i^lL m <t&ll <JLkt ^ »_£& L£ 



I z ~ ml 1 



(24-5) 



(25-5) 



-mglsmO= ml 6 



6>-Ain0 = O 



'■•tS^jsJH <Jj(jua jjx^aji 



:4loj 



:Jj (25-5) 4&UII J^j sin0~0 ^ jjjk. ^j^i^e ^jl^JI- (I) 
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(26-5) + 6> ft 2 = O 






(27-5) co = M 



.JjjlAl (natural frequency) {S xjlJcJ\ jjj2lko Q ^x* 
:J£JilL <^ijjju> jjb L£ ,(27-5) <1jLlII J^. _*"<* *5 

(28-5) = o cos(Gy+0) 

l+> Jj^JI Ll^jl ^| iijl^ll)^ ^^J^L AJU^ ^\ J_* Lu^ <Jj|j]| jJtHi 

• JaSi cA 11 ^M tj^j J-*-^ 1 ^ l^ 1 J ^^ ^ JJ ^ ^(^i^ 1 ^ 
LUj t JjjiJl ^jLj <*-ixL» jki* <gV ^julAJI jjjill ^u\co J^. jiki Ijl 

^^ix^j Jlxlu <JUJ| 6 JJb ^ <£j^JI iujjj 0^ 6jjt.n J^0 <^jljJI - (v) 

:iJUI <5LUI ^^li (ijjS^ll K^JI i^ljj ok: LUi LS) 5JS1I <iLUI au...l J: 



(29-5) r = j/ z 6; 2 = jm/ 2 2 

c»" £*# ^J 1 ^ 1 J^ J^-^ </\ <d3±^ <±SW <^>^uJI Jl£ to ^ ->"^) 

:J1^L j^l &U, Jfi <0 = ±7r/2 d^ ^jVl ^jLJLI g^ajj 

(30-5) V=-mglcos0 
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(31 ~5) E = \ml 2 d 2 -mgl cos 6 



(32 ~5 ±ml 2 9 2 = E+mgl cos 



:4jJ£1I <3lUI j..^-s 

ml 2 ft 2 _ *nri/™o £1 
ml 2 Q 2 — Fx ™ n ) ™„ /3 



dJjl .-mglj+mglc^ i4^V=-mglcos6 ^J\ <SIL i (30-5) ,> j^* 
= OOM £=±mg/L a ^ J <mgt>E>-mglj UlL j^i^i iluSlxu ^^j, ^ u 
^ ^U £>mg/ K Ijl U .ilJUl ^ ^ ^UH sl ^L ^1 AJH) 

•043H J|>I» 5>Ij ^i j^jj 

<ljl*- J^ J| ^ fiJSJi r-e j| ^ ^^ ^^j, ^ ^^ _^ .^ V| 

:y^i (25-5) <ilUI <jjbu> c;- ' ; "'M SS^JI 



(33-5) S_* /J*3co,« 

* V m/ 2 / 



o V^WO + cos0 V / 
< <^L^JI aiL^I ^ ,|^L Jj^ jii ^Jl ^Vl J.ISUI J^ ^ 

'35-5) E = -mgl cos a 

j 

(36-5) sin0 = - sin( d /2 2 

sin (a /2) 
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(37-5) a=sin(a/2) 

:^l ^ < cosa=l-2sin 2 a/2 j cos0=l-2sin 2 0/2Lt^ 



Vcos 6 - cos a = V2 Jsin 2 -y-sin 2 - 



2 U111 2 



_____ sin 21 

Vcos0-cosa=V2 sinf Jl-( — —-) =V2 sinf cos0 

2 u sin z -| 



:o1 (36-5) jUIulL j^: L£ 



1 ^ ,^ lacostydij) 
cos 0d0 = — cos ^ ad => ay = ^ — 



2a 2 cos 



2 



^ (34-5) J* 3 $ o^j^i 



:^^_i 



OAl-tf 2 sin 2 v/ 



. (EZ/jpft'c Integral] \^*±>&%tA<Z (38-5) J*l£ill u*- 

• >-^'.a ^^jS <LuLu Jiai. ^jJt (38-5) j^i o^-«J Jj^Jt Sjji^o tf Cu£ Ijlv 

(39-5) J , # 9 -J[l + ^ 2 sin 2 ^> + -. 1#= if- f 

o-v/l-" sin 2 ' ' 



:<loj 



a 2 17 

(40-5) + — (20-sin20)+ -•• =,-2. f 
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hjljl <±^ jj^cz Ujk. <L£ sjl^L ^ {^J\ tf (33-5) <> i^k :jVI 
^1 <0=aj0=O UjIc uU^e 'Mj <£aLi112Ia og^* (u'jj j <^) <*>**-* # 



27TH (47T-sin47r)H- ••• = J-£ r 



: cpLu^ <S^JI jjj^ ^1 ^| 



2 



(41-5) r=2;r J-U + - + 

u 4 



"cf^ ^J 1 ^" 4^' JL*AJ u^u iijpo 6j;JL^> « oiK Ijl <GI 6^1x4 ik^iU 



T=2n 1- 



:(4l-5) <>« t^jljll jjjlll 



•^J 



27r _ /<? n ^ 



(42-5) fi, = ^ = J« [i_fL+...] * 

r V / 16 

• K^pJI <ljU*j JJjlllj ^ J^^L^JI oljljUVI <IL> ^i ULiaj ^1 

(77z<? Compound (Physical) Pendulum) ( ^L j^ I) ^^JL I JjjiJ I 8 - 5 
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. (9"5) J£-*lJL rc^-ij-c jJb L£ < J^iLlJI *-a <?IVsll j^>*J u'jJ^' 

.'(wuSjj <JuJj^jjl <SjJxII ,-£ ^jLLJI t^HJ-AJ <jj^^ 3 * AJ-uSkjl 4^>^ <U_uljJJ 



(43-5) 



r = -Afg/zsin0 = 7 # 



: <j1 Lu-ojlil IjU 



(44-5) 



(45-5) 



I = Mk$ 



i^jjS-j i OZ jj^ nil ^-u-u-JL jjlj^jJI j-*a-fl * <<^i ^n^ 



2/3 



-Afg/zsin0 = M>o0 



+ ^rsin0 = O 




<i^j 



(9-5) JLill 



■MjL U_.,,u Jjjli <Jjbu> f^til (45-5) 01 -^^ 



(46-5) 



k 



2 
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: i>) li.ia.jl /<iLu^ (^-aJI J^ <tSl) o <> j*xS (/ <LaJI j| lluij^l Ijli 



(47-5) 



l=h+h 



(48-5) 



. c <££JI j*^ ^ (/^ ^ h'Jsi i 
(Center of Oscillations) & I jlynitjZ j* ^\ (/Jc jik, 

:oi (47-5) j (46-5) > £ rn.„-, 



k\-h 2 = W 



: V^ ' ^fjb^ 1 jj^ 1 ij^ jJjV.m.L 



/ = / cw + Mh 2 



(49-5) 



: u' cs' 



Mkl = Mk 2 cm + Mh 2 



^cm ~ ™ 



(48-5) ^i o~tj*^i 



• <J£1I jSjl <^UL ^L-JI ^1 j^j j^ l _ L ^ ^ 

JjVI > jL j^^ J^ ^^J\ yn>\ J 4$ .^ Jtj^^^j j l-L5-.H A 

:,jV LlaS jjjl ^^ <| j|£] ijiliJI ^ ^ 



r = 2wj- = 2^ 



:^l Lo$ 



*-2»/ = *J| 



: u' tfl 
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0' Ifljjij > jl Skill I <> ^ oJI tiik sl^ J^ljV <^^JI JJ^ 



S^ L jjSI <k=J yill 6 <^3 Ly i Ji L^l\ oljl^uVI jjjl* .(19-5) cMJI 

:<^_>aJI 5JjU-o i_uSLli <0 ^yjLujl^JI 

:(( v 16-5)J^JI >il) 

T^ = -Afgfrsin0 

: U (4-5) JHI v-^ 



(} Ma 2 + Mb 2 )6 = -MgbsmO . 



:<loj 



6f + O)n0 = O 






a JL5 

„2 8 b 

^~ a 2 l^b 2 



:jl5 j1I ^jjlii 
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C£*i L jx^]co Jx^ ^ill d£ ^j -s^ l j^l jjjl J^ ^i fr^ Li 



um \ j^n J)*tMM lil 



(a 2 /4 + b 2 ) 2 



b=a/2 



x^li <JjU1I 6 1a J^j 



iJjSj Lajjc 



«n = -Jj?/« 



o 



T=27tJa/ 



culS ^i-u ^L^JI j^^JI ^l^j j>^ J' J-^iJI li* ^i u'^ 1 ^ Huijlil 
<GK* > JilLj j^a, ^Jl Ji is ^_ Ai ,JJ^ ^Vl ^u jj Ijl U ,,.l..xiH ^i 

<JUJI 6J4J i^L, ij^ki ^lj^.,,1 !•■_■ U4 .oSjJI J..J., 
: <jj^l cHAJJ a>J^ t> *-"^ ^jJ 



(51-5) 



dL 7 

x z= - 
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<SJ^ fA>" ^ 2 J u'jj^' o>^ <^olJL a ,,.^1 1 ^^ic 6jl>LI ^j>JI 4 l»^ft t z Ci. 
I j Li .pLAill ^ <Ll»1!i ^1 <<_JLUc jjL^-o <LojlVit <(51-5) ^ <L * Tjjnm 

a n <i^v ^1 ^-Sj-ft UJJ^j nh^ll a < ii^ll <ILS j^j-o l_AjSj-o j^L^-o ^jhto uj^l&l 
<Lajlalt <Lu-ullL f. a \< <i ~J1 IjJh «-juij-o ulCi Jjjl£. <<Loj)tVtt I 6.i$J <LtjuuilL W. <1a 

:JUJL iulill 5JLLJI jjLJJ 
f = r' + r 

x z x / ■ '■cm 

jjl -\ 1,1 <Lqj h t n Ij-xL << 1 < inlu (_ili^>ll a i < i ^ 1 1 <lLS j^j-o A-j-ta^- <L^JLo f Cn^k 

•■^ <JL»Lull <S^L«JI ^^ta jUUiL 

v. = V r + V 
*t * 1 x * cm 



:j^J (51-5) <^i (jAa^llL 



Jl 









: c^l JtatP <^LJI <1jLlLI ^jl j^j <(<Jb£JI j±ja ^^ 



(52-5) X< XF '' +T cm X X F '' =^-E ( ^ Xm « V <' ) + X m -' J^cm^cm) 

i i i i 



Z F » = m cm 
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: /.I ^ 



m, — (r XV ) = M\ cm X v 4-r y cm 1 



■Jl (52-5) JiP 1^1 
d 



Z«l , XF < =-£r/xw f .v; 



df 



<U£ ^ <^UL ^1 j^JJ ^|| ^| ^ ^Vl J>ll ^ tJ ^Jil jU 



(53-5) T =-^ 

''cm 



Ji ^J UfJ i^uUL ^ij ^,yi ^i v Uu^J <j£ll ^^ ^ Vjj ^i 
.(53-5) joik; jl^ ^ iJLLJI jjUJl <^kU wiJL <£Lu ^ 

*-*L^J((t .,.? HLoLJf^ji^JK^S^j) 11-5 

j^ Ujj culS >L^i Ljl^ <Gljj J£ ^ ^^ ^i^ji f _ i _ u?J , j^ ,-, 
,ift ij^ 'u'jlj^ 1 j>^ o^i ■(Laminar Motion) \j t yi UIJIi L J ^j\ ^^ ^\ j^ 

: ^ ikiJ J£ ^ 4x^5^5 (— W <£>>. Je^iJ 4-oJiUI oVjbdl LI 

■ <JXl\yZj*<Z^- (i) 

(54-5) ^=^c» 



X>* ^L-: a mJ «gj£ M, <r ^JI jc SjS>tl ^UJI ^l <"|„^„ f 



< r.h< 
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:5Hiil j£j* J^a. <^IjjJI <£^JI ( v ) 



(55-5) 



_ "^cm 



dt 



ll^J i^ultL ^jl^ll ^^Jl L^j <t&ll jS^a J>^ <f^j^JI <£J*II ^> T cm cu^ 



(56-5) 



■^cm *cm^ 



.^jlj^jJl ijjl^ll Sc^i-uHCO 



6-5 jia a 

. M I d *t R^j i? LftjUQ t „\ts>\ < A \\is*> 6 j^J ^nhr 6^J I J Ut^b f> JL^fc. (J-»>a la_L=k u-^L 
.(9-5) JluiJI ^ La£ <,jAjVl j-^ 6jUI Ul , ,n I o\n < Uj\ I 1 ^kVI cJ^kll Culj 

SUj^ll ^ JalJIj ifcUJ j£j-G ^jLa] L 

^ ^g uj^ 1 ^ f 1 -^ 1 ^ ^A^ 1 csj-* 11 0* (9-5) J^-xiJI ,> ii^k cUll 

:ifc£ll 3^^ <^j^. <Jjbt^ <S&\ 

Mg-T=Ma 



\^tt><tt>^ 




\Sy\* 4 HS 1 1 j^j-o (3 -0 J^° jj)^ fl JL^ f'JL^ j/** * 



L£ 



(^gu^l f> 0* IJL.) 



T =TR 

, an 
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: Cjj^ ii^ljjjJI ^^pJI <1jLsla -«"<•» a 



T R ~ tcmQ ~ tern® 



:^jLuj ^ill itUI jl^o Jj^. ^lail j>^a1I j\> / c 



hm=\MR 2 






a = a/7? 



2 )| / f D 2> 



: ul£^ 



J oVjUIl 6jJb J^j 



TR = (jMR A )a/R 



a = 5g/7 

j 

a r=2Mg/7 

(Static Equilibrium of Rigid Bodies) * Lu^SU ^ \ j< -* 1 j I jS V I 12-5 
j£>* <^j-=^ <-L^>Jl cJL^JI p.,,^11 - ioLJI SSpJI j\ <1>LJI s^ill ^ bj^j 

V^l (£ ! <^^ <^i^ 3^j^ ^^ ji c-x^j LL: ,^1,^11 p,„ ? H j£u ^lai .< >...«; 

(57-5) ly=0 

:JI ^1 <t)Llj -xn^t l jjJjV <j1 ^_iikj L£ 
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(58-5) x r =^(r/xF ! .) = 

i 
0' cr^ '-^ f '"?^ u'jl5 j f" 1 ^ u^ <j>^-a c$I J>^ fj>^l ^1 u^e ^-^ 

^L-JI fuuu^JI J31J ^j^ll ^L-VI Lj^iJI (58-5)j (57-5) c^jLJI ^>^ 
j_S pI .A41I ^ ,_jh^ (>"■> JLililj ^IjjoJ <-oLjlII <JLJI ^ 1 d k <j1 VI <L>L3 
.jlj^J <^>UJI <JLJI ^ Li .oVjUII <> ^ISJI jojJI >>l ^ja] LSL<u» oj^V 

i^] Jj>* (5o-5) <jj-i c>J-L-<aJl a < n^ II <Ljp ,i.i,i II 45^x11 jj (CajG Jj^ 3 *- J>^ ' "^' ' 

(59-5) x z = 

Jj2w U\ ft f> j J ( ^> \£ "(jLxi^! J-F^ *UjLXl1JL A i il^ll ^-L. SjJjJJ AJ^aJI <iua^-0 T CiJL2h. 

. J III I Jill ^i ^^L_u LI ^'j^VI oVjL_* 



7-5 ji* a 

iijI^ilLi .(18-5) J^iJI ^ji LaS <^yi\ <JL^j <? mtA i^iil cv^jb u 1 "^ mtU-*^ 

dIKl -\VI J-oL*-o ^jL^ Ijl (jAjVI *_o 6j£JI <.,Qi/V\ I ^j*t . , 1 1. 1 rr U« fill I fl ■* ** < >^ * ^il I 

S jCX ^A <Luj \ cT\ 1 1 r-^U , ,.l 1 • t a^ ^^A-* 
:j^-j (£>^' H^') ft (3*^ 'O'j-**' lt^J^ '— - 1 " " : J^JI 

N 1 +F rl + w + N 2 + F r2 = 
:a^i (18-5) J< it.tl ^ ojj oa: ^ <5^L«JI 6Jj» oL^^ i=»4j 

iV 2 -F rl = => F rl = N 2 
N 1 + F r2 -mg = =» F r2 = mg-N x 
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(18-5) JLill 



N 2 a- F r2 a- mg}) c sinO = 



:^Lu, «g1 jc jU^JI j^ ^jj| s^JI 3^ ,> <fc£il ^ j^ 



y £>- 



J c = 3«/8 



^1 = ^1 

N x = mg /{fi 2 + 1) 
N = ftrng /(jU 2 + 1) 



<k^iLaj 



:^j <5jLJI oVjUII J^.j 



a 



sin<9 = 8(/i 2 + J u)/3(^ 2 + l)-8 i u/3 



(tfj 1 ^ 1 ) (Impulsive Force) £_a j 6^5 j^'C -r^* ■ •'■>- - ■■••> 4^^^, 13 - 5 



O^jXi S^iftJI 6JJJ, ^i '^(j^LLa J^ij 4i£^ ^Jf*^ tf^P >•_-; 1 '. Sjj.^j 
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(60-5) F=^a cm 

(61-5) J = J"M = AfAv cm 

(62-5) Av -=-i 



(63-5) T cm =-f- = / cm 






: (Rotational Impulse)^^ j-iJI ^ 45iUJI 6 1a <L>I£aj 
(64-5) Z cm =jT cm ^-/ cw Aw 

(65-5) Aw = ^l 



(66-5) r cm = Fb 



=ui* 
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Km=\ T cm dt = \ Fbdt =bJ 



:4loj 



: ui & 



(67-5) 



b J 



^i <tit£ J^j-a J^. <Gllkc ^ ^ Vjj ^^aJJ 114 Jja. <dJLkt ^c j Lie I ua.^1 

£>~^/> jLlcl >_^^J <*ilj ^ Sj*i j^uuaJI ^^ Ijl <GI L£ .5ijLJI oLi^UJI 

:j1 tfl (67-5) j (62-5) ^ ^Jl 



(68-5) 



A^ cw 



_/i + / 2 + •• 



*cm 



(69-5) 



A«: 



t\h + hh + 



8-5 JlaO 

<fc£ j£^ i*^. U .(19-5) J1AJI ^i US <a aU ^iil jj^ ^Jc ^i>SLi 
SeJjSjVI J*l^, ^l^j L^ ^ jjt. ^LaUl j,K Ijl f jL^HI ^ ...ash 



cm 



w©-V 
v 



(19-5) JLill 



: ^y-la^JI f^O^' •^ a> ^-^ U-° '-"'^'' :J^JI 
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™ v = MY cm + wv l 



m\ b= Mv cm b+ I cm a) 



:^u^j e jljjjVI J-oL*-o ^-*1J*^ (J-° SjUli-uVL 



o M 1 



I^jLuuJj 6jjuxiL-0 Ajl i/VJll *!*-» <Lulj^JJ)j <UlL5ljVI < * J « AqII <Cjjl*j Vy 



v=v + to 

Af cm 



(sljtl) ^y = t; + bco-v, 

V / o cm 1 



v cm =(l + e)v /(M I m + Ub 2 1 1 1 + 1) 



i^ = v -(M I m)v a 



O « = (12fc// 2 )z; f , 



182 



tjjtl tiiJb 

JQi 4>?oe <Vb-« a UJj ju-ij M l+ifc£ <ii^ <> ^L., ^ afcu 1-5 

m S^i^ <i£ v VjJI L^, ^ ^^ ^l Lx^ J^j oc ^Ut = -^ 
jS^ll JyiH L& Jaaj <^ai <^l t l^i ^i . 6j ^ ^ 2k ±ju Jcj 
j^\ .jiu-ll ^i^ui l& J^ Sjf i^JI oljljiAVI ^ji ^ ^ii^ii ^ 
:5^L«) K<4mgk/7t L^ 6^ IjL .K>Amgk/K 3 K>2mgk/K i^VI c^JUll 

■(f—jiL <^ui ijinii <jjUii ja. 

<-jli. f > ^T=T(l+«cos(yd:J^I o- £« f>J s ^ ~^jj* fr-^J 3-5 

• JUilJI K^JI <ijl*, ^ .T--W:J<Lill <> JliuaU <^ 

I <ljL L^ Ul^m ij^ U& cy ^1> L- ob-^J <^ll <JjLu. ^1 4-5 

0^ c*iL* j,- JttjL- c^l^u 6^>~ ^i JL^ >*J •<_£>-.. -J^ J^f 5-5 

•L5i5 5L3-4I <> jj^ ^L ^^J <^LJI da^ ^|| <iiLuil ^1 c ^.^.n 
IUI <Li ^c 4 jS^ ^ du^ «y ( ^1UI ^« 4 >5 ^L^ j^j ^^ jJL 6-5 
^ .a'JL-Vl a^UI fclis L^ a oli^ll ^^ j^ ^^| ^^j, ucs:j 
• <tsSll ^,>^ozJ tfji^ j^^ j^j 0Zj y 3 ox ^* J£ Jy± <aJLLc f > 
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^^ JL^ <(20-5) JLilL e^>* * ^ <L -^ JI «> t^ ^^ ^ jLhfV 
3^ ,> IjMS ^UJ.1 J>- (21-5) J^LilL j^jll ^1 <Jlk* fj> ^9-5 



; 5 cm/ 



-20 cm - 



10 cm 



§ 



lltlsfillil 






2 cm 




(20-5) jSUill 



(21-5) J^ill 
Ol J^ wOjj, I <ijL ^ J* ^J^^\ W<ijj J~J c^i L^J 1 £' Ji 10 " 5 

j.ja^o J^. Sj^lj .-«.<V> JSUi ^k ix^L^, La-iibual ,j2ljll jj^iill f> as. H-5 

o£>2 Ijl i^ll ojj Lo ./ <Jjiy M <ifc£ ^L— o^uiS LL^ m <££ Jk2 12-5 

S,_._>,A«II (^jiVl i;Ulll > Jko .Lu-u Jj^ j^l <*J^U 

<Sj^JI jjjLc, . LfcLljj ^j^I JU^ JjjlJK LuuiLJL* i*^ < -._.< ■ ,-, Jipl3-5 

Sl^->yt.Mft ^juii ,ji jJSj (*_>) S« i ->_i< i < ni l 
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J\ JaixxJ Zj$i\ d^j -clL^ uL-mu, <oi^ - bJ £ J^. UJ Sax. L^ v_iL 15-5 

C^^il a^I cJil Ijl €i^ .m<iK J / <J^ Lii UJ t jiU J J^ 16-5 
.mg/4^1 mg/2 <> j^ >VI J^II <1^ ^ill ^| u C ^JJI 

^^ ^^ ^^^ <^ <^j^l Sjjj ^ flU>J , «,„-, fcljkuJ j^jG 17-5 
fcljI^Vl jjUi^ <ks: ^i ^ .cjuil^VI Ij^ ^jljL o^ .(&>«) b UjLs 

^Oj^xJI <> l s jj l^Jt cajij] Ijl i^£]| iil^k^Vl ^jVl 

<*iJ ,»u ^ <i^k ^J je. J^Li ^^ m <J2S, / .d^L , ;IJ ,Ai 03^f 18-5 
ui Jl tulS ^SU i^UI <o^ ,li ^ ^jVl J\ ( j Mi o^ |^ <i^ 
Jxi j^J iJ^iLiJIj JLiiVl oSjll ^ (1) . jV^VL Uaic ia^ Ljlj jj^, 
J*L*-« u' u^il .0 -^ ( v ) . 0>iLiJlj VJ , A«I I cjy iyljllfl <JV.u ^jVl 

• ^ >4 .. .j . Ai ll Ll^j ^Ji\ ^ Jl£^VI 
Jljili <0 JLjl^ JSL> jl^« Jt jtVl ^ w iulail <o«u s ^ ^J2 19-5 
C-A^l ^j ,>jJI <l^ c*>Luil ^ Sj U| ^^ ^ .^ ^ ^^ ^ 

^j>^ ^^ J^ m<GJ£j /<J^ ^Ui* vj ,aj| ^;|j|| JJ ^ S ^\ f> La 20-5 

.l*J >5 J^ 4,u^ h^L^i jljjjJI >u ^L^j ^jljJI j^^sJI ^ ^ 21-5 
uj^ £>^x£ flU^ki O^ai, Afl^uK ^.jia WjLJi <^>=JI 4_5U=JI L 22-5 

?«u^. tl^k^VI oilS jJ 22-5 <1LJJ i.U.1 j^ o^ 23-5 
dy± jjSi ^^ F iu(^ ^L^ ZjX aUjki , j,^ M\f.h< <j^ 2-^^24-5 
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<> ol-u IJ|G) iyljll Lf^j-- j^U 30-5<TuJLI ^ <i^*il |lj5UI «»IIL 25-5 

Ixjuj I ~ I ^jJc * US'. J^ WI I g"l".<j a Ujlajj (.ico'i 4"i n i*i a Zj£ jl^ 26"5 

? l~ II JjjlJI J>l3J <KjaJI jjjLs .jj It'll I <Uoii J>« jjij _l>=»-° JU^- jljl*VL 

< « Ij tl.A Jjs jju ^iil j>a-o J>a. £> L^i»jtj fl lfi>Ja 3 l jU"i inn 4 ->j< i n JI^ 27"5 

S^llll Uj...,tl JjalJI JL^Lj K^ll j^jL .(22-5) J^ill ^i l& 
Qft \~f.. : JL,yi J >._.■>; <Liill jk. l«|.A^i OBj OAcjl^^l J^L 28-5 
j,Li O'jrt'. <IL^v ^i <i1 <>j^ .(23-5) JSLAII ^i U£<0<LH1I > Cjil^j 

, ft = 90° - tarrWfe) yr = taifW© cAy'^ 





(23-5) JSill 



(22-5) J££ll 
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